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Tinnitus Patients with comorbid 
headaches: The influence  
of headache Type and laterality  
on Tinnitus characteristics
Berthold Langguth1*, Verena Hund1, Michael Landgrebe1,2 and Martin Schecklmann1
1 Department of Psychiatry and Psychotherapy, University of Regensburg, Regensburg, Germany, 2 Department of Psychiatry, 
Psychosomatics and Psychotherapy, kbo-Lech-Mangfall-Klinik Agatharied, Hausham, Germany
Background: Both clinical experience and clinical studies suggest a relationship 
between tinnitus and headache. Here, we aimed to investigate the influence of comorbid 
headache type and headache laterality on tinnitus characteristics.
Method: The Tinnitus Research Initiative database was screened for patients of the 
Tinnitus Center of the University Regensburg who reported comorbid headaches. 
These patients were contacted to complete additional validated questionnaires. Based 
on these data, patients were categorized according to headache type and headache 
laterality, and their clinical characteristics were compared with tinnitus patients, who did 
not report comorbid headaches.
results: Data from 193 patients with tinnitus and comorbid headaches were compared 
with those from 765 tinnitus patients without comorbid headaches. Tinnitus patients 
with comorbid headache have higher scores in tinnitus questionnaires, a lower quality of 
life and more frequently comorbidities such as painful sensation to loud sounds, vertigo, 
pain (neck, temporomandibular, and general), and depressive symptoms when com-
pared with tinnitus patients without headaches. Both headache laterality and headache 
type interact with the degree of comorbidity with higher impairment in patients with left-
sided and bilateral headaches as well as in patients with migraine or cluster headache.
conclusion: The observed increased impairment in tinnitus patients with comorbid 
headache can be explained as an additive effect of both disorders on health-related 
quality of life. The more frequent occurrence of further comorbidities suggests a generally 
increased amplification of sensory signals in a subset of tinnitus patients with comorbid 
headaches.
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inTrODUcTiOn
Tinnitus, the perception of sound in the absence of a corresponding sound source, is a frequent 
disorder. In some forms of tinnitus, there is an internal sound source like sounds from abnormal 
blood flow because of vascular anomalies or palatal myoclonus. These forms are defined as objective 
tinnitus. In contrast, in subjective tinnitus, there exist neither external nor internal sound sources. 
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Subjective tinnitus can vary in its perceptual characteristics 
(loudness, pitch, number of tones, tonal or noise-like, pulsatile 
vs. non-pulsatile), its laterality (unilateral, bilateral, in the head), 
its maskability, its etiology, and its comorbidities. Accordingly, it 
has been assumed that there exist many different forms of tinnitus 
that also may differ in their pathophysiology. The identification of 
relevant criteria for subtyping different forms represents a major 
challenge in tinnitus research (1, 2). Specific comorbidities such 
as hyperacusis (3) or temporomandibular joint (TMJ) disorders 
(4) have turned out to represent potentially relevant criteria for 
subtyping. As an example patients with tinnitus and comorbid 
TMJ disorders were younger, more frequently female and suffered 
from less hearing loss (4), indicating that this group represents a 
clinically relevant tinnitus subtype.
Moreover, comorbidities such as hyperacousis (3), hearing 
loss (5), insomnia (6, 7), depression (8, 9), and pain syndromes 
(10) play a major role for tinnitus-related impairment in quality 
of life. Tinnitus-related health burden can be measured by spe-
cific validated tinnitus questionnaires (TQs) like the TQ (11) or 
the tinnitus handicap inventory (12), but also by numeric rating 
scales (13).
In the previous studies, an association between tinnitus and 
headaches has been demonstrated (14–16). These studies indicate 
that between 26 and 47% of patients with tinnitus also suffer from 
headache. Particularly frequent among tinnitus patients are uni-
lateral headache syndromes (16). Since unilateral headaches and 
unilateral tinnitus symptoms occur in the majority of cases on the 
same side and headache and tinnitus are interacting over time, 
alterations in the trigeminal nerve activity have been proposed 
as a potentially relevant overlapping pathophysiological factor 
(16). Based on this reasoning, one may assume that headache as 
a comorbidity may represent a relevant factor for subtyping of 
tinnitus.
In order to investigate comorbid headache as potential criterion 
for tinnitus subtyping, we retrospectively analyzed clinical data 
from patients who presented at the multidisciplinary Tinnitus 
Center at the University of Regensburg. Patients who reported 
the existence of headaches in the Tinnitus Sample Case History 
Questionnaire (TSCHQ) (17) and who completed an additional 
headache questionnaire (18) were compared in their clinical and 
demographic characteristics with those patients who had tinnitus 
without headaches. In detail, we investigated whether tinnitus 
patients with specific forms or laterality of headache differ in 
demographic or other clinical characteristics from those tinnitus 
patients without headaches.
MaTerials anD MeThODs
sample
The analysis was based on datasets of all patients, who presented 
at the multidisciplinary Tinnitus Center of the University of 
Regensburg between 2003 and 2011 and whose data were 
included in the Tinnitus Research Initiative database (19) 
(n = 1,817). All patients who reported the existence of headaches 
in the TSCHQ [answer “yes” to the question “Do you suffer from 
headaches?” (17)] (n = 489) were contacted by mail and asked 
to complete additional questionnaires (16). In these additional 
questions, patients were asked about the laterality of tinnitus and 
headache (Is your headache on one or predominantly one-sided? 
Is your tinnitus on one or predominantly one-sided?) and about 
the relationship between tinnitus and headache (time of onset 
of tinnitus and headache, respectively, and interaction between 
tinnitus and headache intensity). Completed headache and TQs 
were obtained from 193 patients, and this sample was compared 
with patients from the database who answered “no” to the ques-
tion “Do you suffer from headaches?” in the TSCHQ (n = 765). 
Please note that three patients did not indicate the site of the 
headaches and were not included for the statistical analyses of 
headache laterality. Informed consent was obtained from all 
patients participating in the study. The study was approved by the 
Ethic committee of the University of Regensburg (11-101-0286), 
and all data were pseudonymized for analysis.
To exclude sample bias, we compared the patients with com-
pleted questionnaires with the group of patients with headache 
who did not respond to the mail (n = 235). Both groups did not 
differ significantly with respect to age at tinnitus onset (t = 0.805; 
df = 395; p = 0.421), gender (χ2 = 0.566; df = 1; p = 0.452), tin-
nitus duration (t = 0.693; df = 395; p = 0.489), tinnitus distress 
as indicated by TQ (t = 0.114; df = 405; p = 0.909) and tinnitus 
handicap inventory (t = 0.072; df = 413; p = 0.943), and mean 
hearing threshold (t = 0.513; df = 304; p = 0.608).
assessment of headaches and Tinnitus 
severity
For the classification of headaches, the headache questionnaire by 
Fritsche et al. (18) was used, which was developed and validated 
according to the 2nd version of the classification criteria of the 
International Headache Society. The questionnaire enables to 
differentiate migraine, tension headache, cluster headache, com-
bination of migraine and tension headache, and combination of 
tension- and cluster headache and non-classifiable headache.
Clinical and demographic information was obtained from 
available data of the investigated patients in the TRI database 
(19). Available data included the TSCHQ (17), the TQ (11), the 
Tinnitus Handicap Inventory (20, 21), various numeric tinnitus 
rating scales (13), the Beck depression inventory (BDI) (22), and 
the WHO Quality of Life Questionnaire (23).
statistical analysis
The relationship between the different demographic and clinical 
characteristics of tinnitus and the existence of comorbid head-
ache, its laterality and its type was analyzed by using chi-square 
tests for categorical clinical variables and with analyses of vari-
ance (ANOVAs) for metric clinical variables. Post hoc tests were 
done for significant effects using least significant difference tests 
for ANOVAs and adjusted residuals (z > 1.96 was indicated as 
significant) for the chi-square tests and are indicated in Tables 1 
and 2.
All analyses were performed with SPSS (Statistical Package for 
Social Studies, Version 19; SPSS Inc., USA). All tests were per-
formed as two-sided tests, and the level of significance was set at 
0.001 to correct for the fact that 56 comparisons were performed.
TaBle 1 | Influence of headache laterality on sample characteristics.
headache left headache right headache bilateral no headache statistics
N 49 43 98 765 n.a.
Age at tinnitus onset (years) 44.8 ± 15.3 (n = 47) 42.4 ± 11.9 (n = 41) 41.6 ± 13.3 (n = 89) 44.0 ± 14.3 (n = 715) F = 0.937; df = 3,888; p = 0.422
Duration of tinnitus (months) 89.9 ± 85.3 (n = 47) 100.7 ± 119.2 (n = 41) 97.5 ± 118.6 (n = 89) 100.7 ± 106.4 (n = 714) F = 0.165; df = 3,887; p = 0.920
gender (female/male) 22/27a 22/21a 31/67 208/557a χ2 = 17.413; df = 3; p < 0.001
Tinnitus questionnaire 47.4 ± 19.7 (n = 46); >no 40.6 ± 18.3 (n = 40) 46.9 ± 16.8 (n = 96) >no 38.8 ± 17.2 (n = 736) F = 10.964; df = 3,914; p < 0.001
Tinnitus handicap inventory 54.3 ± 23.8 (n = 46); >no 48.8 ± 24.2 (n = 42) 56.2 ± 21.9 (n = 97); >no 44.0 ± 22.3 (n = 737) F = 10.983; df = 3,918; p < 0.001
Beck depression inventory 14.2 ± 9.8 (n = 44); >no 12.0 ± 9.1 (n = 42); >no 14.5 ± 8.8 (n = 96); >no 9.1 ± 7.4 (n = 731) F = 19.545; df = 3,909; p < 0.001
Numeric rating scale loudness 6.7 ± 2.5 (n = 44) 6.5 ± 1.8 (n = 40) 6.8 ± 2.1 (n = 98) 6.2 ± 2.2 (n = 726) F = 3.262; df = 3,904; p = 0.021
numeric rating scale discomfort 7.6 ± 2.0 (n = 43); >no 7.0 ± 2.2 (n = 41) 7.6 ± 2.1 (n = 97); >no 6.6 ± 2.3 (n = 725) F = 7.241; df = 3,902; p < 0.001
Numeric rating scale annoyance 7.1 ± 2.4 (n = 43) 6.7 ± 2.7 (n = 40) 7.1 ± 2.2 (n = 98) 6.4 ± 2.4 (n = 728) F = 3.402; df = 3,905; p = 0.017
Numeric rating scale unpleasentness 6.9 ± 2.3 (n = 44) 6.7 ± 2.6 (n = 40) 7.1 ± 2.2 (n = 98) 6.4 ± 2.4 (n = 728) F = 2.858; df = 3,906; p = 0.036
Numeric rating scale ignorability 7.0 ± 2.6 (n = 44) 7.0 ± 2.8 (n = 41) 7.0 ± 2.4 (n = 98) 6.6 ± 2.7 (n = 728) F = 0.872; df = 3,907; p = 0.455
WhO quality of live—physical health 13.6 ± 2.9 (n = 33); <no 14.3 ± 3.0 (n = 27); <no 13.4 ± 3.0 (n = 66); <no 15.5 ± 2.6 (n = 515) F = 16.543; df = 3,537; p < 0.001
WhO quality of live—psychological factors 13.0 ± 3.6 (n = 33); <no 14.0 ± 2.8 (n = 28) 13.3 ± 2.7 (n = 66); <no 14.7 ± 2.6 (n = 417) F = 8.243; df = 3,540; p < 0.001
WHO quality of live—social relationships 14.2 ± 3.7 (n = 33) 13.6 ± 3.7 (n = 27) 14.0 ± 2.6 (n = 66) 15.0 ± 3.1 (n = 417) F = 3.614; df = 3,539; p = 0.013
WHO quality of live—environment 15.7 ± 2.4 (n = 33) 15.9 ± 2.0 (n = 28) 15.7 ± 2.0 (n = 65) 16.5 ± 2.1 (n = 418) F = 3.916; df = 3,540; p = 0.009
Sensitivity to loud sounds 3.4 ± 1.2 (n = 47) 3.3 ± 1.2 (n = 40) 3.3 ± 1.2 (n = 96) 3.2 ± 1.2 (n = 744) F = 1.329; df = 3.923; p = 0.264
Painful sensations by loud sounds (yes/no) 28/14 26/13 68/23a 354/314 χ2 = 19.053; df = 3; p < 0.001
Pulsatile tinnitus (no/yes with…/yes different from 
heartbeat)
33/7/7 28/7/5 80/10/6 605/72/64 χ2 = 7.863; df = 6; p = 0.248
Tinnitusquality (tonal/noise/cricket/other) 25/6/11/4 27/3/7/5 61/14/17/5 449/76/144/72 χ2 = 5.686; df = 9; p = 0.771
Influence by noise (yes/no) 31/12 32/5 63/21 493/158 χ2 = 2.658; df = 3; p = 0.447
Somatic modulation (yes/no) 24/24 17/25 42/55 258/486 χ2 = 7.045; df = 3; p = 0.070
Mean hearing threshold 26 ± 13 (n = 44) 19 ± 11 (n = 42) 18 ± 12 (n = 96) 23 ± 15 (n = 731) F = 3.890; df = 3,682; p = 0.009
Side of worse hearing (left/left = right/right) 20/2/10 13/2/7 35/5/33 284/35/228 χ2 = 2.914; df = 6; p = 0.820
Vertigo (yes/no) 28/19a 23/20a 52/43a 158/585a χ2 = 87.258; df = 3; p < 0.001
Temporomandibular joint complaints (yes/no) 17/31a 11/31 29/68a 124/620a χ2 = 19.471; df = 3; p < 0.001
neck pain (yes/no) 42/7a 32/10a 69/29a 341/402a χ2 = 56.552; df = 3; p < 0.001
general pain (yes/no) 25/22a 25/18a 58/39a 249/480a χ2 = 35.427; df = 3; p < 0.001
current psychiatric treatment (yes/no) 12/36a 8/32 26/70a 89/659a χ2 = 21.608; df = 3; p < 0.001
Bold printed lines indicate significant effects.
aThe number of cases in this cell is significant different from the number of expected cases under the assumption of independence of variables.
< or > indicate significant post hoc contrasts.
Please note that high values in quality of life mean high quality of life and that high values in the other measures mean high burden.
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TaBle 2 | Influence of headache type on sample characteristics.
non-classifiable 
headache
Migraine Tension-type 
headache
Tension-type 
headache and 
migraine
cluster headache no headache statistics
N 63 86 25 11 8 765 n.a.
Age at tinnitus onset (years) 44.0 ± 14.2 
(n = 59)
41.4 ± 12.8 (n = 81) 41.3 ± 12.5 (n = 24) 40.0 ± 17.7 
(n = 8)
52.1 ± 12.1 (n = 7) 44.0 ± 14.2 (n = 715) F = 1.260; df = 5,888; p = 0.279
Duration of tinnitus (months) 84.7 ± 107.3 
(n = 59)
104.1 ± 114.1 
(n = 81)
111.9 ± 119.5 
(n = 24)
61.0 ± 82.3 
(n = 8)
94.0 ± 95.9 (n = 7) 100.7 ± 106.4 
(n = 714)
F = 0.544; d = 5,887; p = 0.743
Gender (female/male) 19/44 33/53 13/12a 6/5 5/3a 208/557a (n = 715) χ2=18.761; df = 5; p = 0.002
Tinnitus questionnaire 44.7 ± 18.2 
(n = 60); >no
45.8 ± 18.4 
(n = 81); >no
45.8 ± 17.7 
(n = 24); >no
38.5 ± 14.7 
(n = 11); 
<cluster
56.6 ± 15.4 (n = 8); 
>migraine + tension; >no
38.0 ± 17.2 
(n = 736)
F = 6.561; df = 5,914; p < 0.001
Tinnitus handicap inventory 52.0 ± 23.4 
(n = 61); >no
54.9 ± 23.2 
(n = 84); >no
55.5 ± 23.2 
(n = 25); >no
43.9 ± 21.3 
(n = 10)
61.9 ± 21.7 (n = 8); >no 44.0 ± 22.3 
(n = 737)
F = 6.379; df = 5,919; p < 0.001
Beck depression inventory 12.5 ± 8.4 
(n = 59); >no
14.8 ± 9.2 (n = 83); 
>no
12.9 ± 10.3 
(n = 25); >no
11.8 ± 8.5 
(n = 10)
17.0 ± 10.4 (n = 8); >no 9.1 ± 7.4 (n = 731) F = 11.813; df = 5,910; p < 0.001
Numeric rating scale loudness 6.5 ± 2.3 (n = 59) 6.8 ± 2.1 (n = 84) 7.0 ± 2.1 (n = 25) 7.0 ± 2.1 (n = 10) 6.6 ± 2.2 (n = 7) 6.2 ± 2.1 (n = 726) F = 1.973; df = 5,905; p = 0.080
numeric rating scale discomfort 7.1 ± 2.2 (n = 60) 7.6 ± 2.1 (n = 83); 
>no
8.0 ± 1.8 (n = 24); 
>no
7.3 ± 2.3 (n = 10) 7.0 ± 1.6 (n = 7) 6.6 ± 2.3 (n = 725) F = 4.593; df = 5,903; p < 0.001
Numeric rating scale annoyance 6.9 ± 2.4 (n = 59) 7.0 ± 2.3 (n = 83) 7.7 ± 2.2 (n = 25) 6.7 ± 2.5 (n = 10) 6.2 ± 2.2 (n = 7) 6.4 ± 2.4 (n = 728) F = 2.406; df = 5,906; p = 0.035
Numeric rating scale unpleasentness 6.9 ± 2.2 (n = 59) 7.0 ± 2.4 (n = 84) 7.3 ± 2.5 (n = 25) 6.6 ± 2.4 (n = 10) 6.3 ± 2.2 (n = 7) 6.4 ± 2.4 (n = 728) F = 1.728; df = 5,907; p = 0.126
Numeric rating scale ignorability 6.8 ± 2.3 (n = 60) 7.3 ± 2.7 (n = 84) 6.9 ± 2.7 (n = 25) 6.4 ± 2.6 (n = 10) 6.1 ± 2.2 (n = 7) 6.6 ± 2.7 (n = 728) F = 0.961; df = 5,908; p = 0.441
WhO quality of live—physical 
health
13.4 ± 3.3 (= 44); 
<no
13.5 ± 3.0 (n = 56); 
<no
14.8 ± 2.1 (n = 19) 15.7 ± 1.8 (n = 4) 12.8 ± 1.8 (n = 6); <no 15.5 ± 2.6 (n = 415) F = 10.764; df = 5,538; p < 0.001
WhO quality of live—
psychological factors
13.5 ± 3.4 
(n = 45); <no
13.2 ± 2.8 (n = 56); 
<no
13.8 ± 2.6 (n = 19) 15.8 ± 0.7 
(n = 4); >no
12.3 ± 2.4 (n = 6); 
<tension + migraine; < no
14.7 ± 2.6 (n = 417) F = 5.556; df = 5,541; p < 0.001
WHO quality of live—social 
relationships
14.3 ± 3.7 (n = 44) 13.8 ± 2.8 (n = 56) 14.4 ± 3.1 (n = 19) 14.7 ± 2.9 (n = 4) 11.6 ± 3.5 (n = 6) 15.0 ± 3.1 (n = 417) F = 2.940; df = 5,540; p = 0.012
WHO quality of live—environment 15.9 ± 2.4 (n = 45) 15.5 ± 1.9 (n = 55) 16.6 ± 1.6 (n = 19) 15.1 ± 1.1 (n = 4) 14.4 ± 2.3 (n = 6) 16.5 ± 2.1 (n = 418) F = 3.635; df = 5,541; p = 0.003
Sensitivity to loud sounds 3.1 ± 1.3 (n = 61) 3.5 ± 1.2 (n = 83) 3.2 ± 1.1 (n = 24) 3.1 ± 1.6 (n = 10) 4.0 ± 0.9 (n = 8) 3.2 ± 1.2 (n = 744) F = 1.929; df = 5,924; p = 0.087
Painful sensations by loud 
sounds (yes/no)
38/21 57/20a 15/6 9/1a 5/3 354/314a χ2=21.061; df = 5; p < 0.001
Pulsatile tinnitus (no/yes with…/yes 
different from heartbeat)
50/4/7 60/15/7 20/3/2 9/1/0 4/2/2 605/72/64 χ2=13.263; df = 10; p = 0.209
Tinnitusquality (tonal/noise/cricket/
other)
40/11/8/4 52/9/16/6 14/4/5/1 6/0/3/1 2/0/3/3 449/76/144/72 χ2=19.358; df = 15; p = 0.198
Influence by noise (yes/no) 43/14 58/16 17/7 7/1 3/1 493/158 χ2=1.193; df = 5; p = 0.946
Somatic modulation (yes/no) 26/37 42/42 8/17 3/7 6/2 258/486 χ2=13.751; df = 5; p = 0.017
Mean hearing threshold 18.5 ± 12.3 
(n = 47)
21.3 ± 13.4 (n = 55) 18.9 ± 10.5 (n = 16) 16.4 ± 6.7 (n = 8) 30.5 ± 9.1 (n = 7) 22.8 ± 14.5 (n = 555) F = 1.807; df = 5,682; p = 0.109
Side of worse hearing (left/
left = right/right)
25/2/107 28/6/20 8/0/8 3/1/4 5/0/1 284/35/228 χ2 = 7.197; df = 10; p = 0.639
Vertigo (yes/no) 29/31a 52/33a 12/12a 5/6 6/2a 158/585a χ2=91.328; df = 5; p < 0.001
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For evaluation of clinical and demographic characteristics of 
patients with tinnitus and headaches, patients with left-sided, 
right-sided, and bilateral headaches were compared with patients 
with tinnitus, but without headaches from the TRI database 
(see Table 1).
About 27% of the tinnitus patients in our database answered 
“yes” to the question “do you suffer from headaches.” Even if 
comparisons with population-based studies are difficult, as 
results depend strongly on the method of assessment, a propor-
tion of 27% is not indicative of a substantially altered prevalence 
of headaches among tinnitus patients.
There was no significant interaction between headache lateral-
ity and age at tinnitus onset or tinnitus duration, but a significant 
interaction between headache laterality and gender, with women 
suffering more frequently from unilateral headache.
Analyses of tinnitus distress, depressive symptoms, numeric 
ratings scales, and quality of life showed similar results for all of 
these measures with increased burden for the group of patients 
with bilateral and left-sided headaches in contrast to patients with 
no headaches. The group of patients with right-sided headache 
showed no difference to the group of patients without headaches 
or ranged in between the left-sided/bilateral groups and the group 
with no headaches. This pattern could be seen descriptively in 
all variables but falling below the significance threshold for 
TQ, tinnitus handicap inventory, BDI, the numeric rating scale 
discomfort, and the quality of life domains physical and psycho-
logical health. As an exploratory analysis, the TQ score (TQ of 
the database entry: r = 0.321; n = 175; p < 0.001; TQ by response 
to mail: r = 0.356; n = 184; p < 0.001) also correlated with the 
headache frequency (number of days with headache/month).
Painful sensations through loud sounds were more frequently 
reported by patients with bilateral headache in contrast to patients 
with unilateral or no headaches. There were no significant effects 
concerning sensitivity to loud sounds, pulsatile character, tonal 
versus noise-like character, the ability to mask tinnitus through 
other sounds, duration of tinnitus, and the ability to modulate 
tinnitus through neck or jaw movements. There was no significant 
relationship between headache laterality and hearing function 
(measured as mean hearing threshold across all frequencies and 
both sides) nor with the side of worse hearing.
Patients with all headache forms (bilateral, right-sided, and 
left-sided) reported more frequently comorbid vertigo, TMJ com-
plaints (except right-sided headaches), neck pain as well as pain 
in general. Patients with headaches were also more frequently 
treated by psychiatrists (except right-sided headaches). In separate 
analyses, differences in tinnitus characteristics between patients 
with specific types of comorbid headaches and no headaches were 
analyzed. Detailed results are provided in Table 2.
The headache type had no significant influence on age at 
tinnitus onset nor on tinnitus duration. However, there was a 
non-significant trend toward an interaction between gender 
and headache type with women suffering more frequently from 
comorbid tension-type and cluster headache.
Tinnitus patients with comorbid migraine, tension-type 
headache, cluster headache, and non-classifiable headache had 
TaBle 3 | Interaction between headache type and laterality.
non-
classifiable 
headache
Migraine Tension-
type 
headache
Tension-type 
headache and 
migraine
cluster 
headache
Headache 
left
14 24 2a 3 6a
Headache 
right
11 19 8 3 2
Headache 
bilateral
36 42 15 5 0a
Chi-square of independence indicates a significant association of headache type 
and laterality with decreased number of left-sided tension-type and bilateral cluster 
headache and increased frequency of left-sided cluster headache (χ2=17.926; df = 8; 
p = 0.022).
aThe number of cases in this cell is significant different from the number of expected 
cases under the assumption of independence of variables.
< or > indicate significant post hoc contrasts.
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all higher scores in the TQ, the THI, and the BDI when compared 
with tinnitus patients without comorbid headaches. Descriptively, 
highest scores were found for patients with comorbid cluster 
headache. Patients with combined tension-type headache and 
migraine did not differ from the other groups except for the TQ 
showing lower values in contrast to cluster headache.
In the different numeric rating scales, there were statistically 
significant differences for tinnitus discomfort (higher scores for 
patients with migraine and tension-type headaches in contrast to 
patients without headaches), whereas there were no differences 
for tinnitus severity, unpleasantness, and ability to ignore the 
tinnitus. The headache type had a significant influence on two 
domains of the WHOQoL (somatic, psychological) with impair-
ment in quality of life in patients with comorbid unclassifiable 
headache, migraine, and cluster headaches in contrast to patients 
without headaches.
Headache type had no influence on the sensitivity to loud 
sounds, but on the induction of painful sensations by sounds, 
which was significantly more frequent in patients with migraine 
and in patients with combined migraine and tension-type 
headache.
There was no significant influence of headache type on the 
proportion of patients with hearing function, pulsatile tinnitus, 
tone or noise-like tinnitus, maskability of tinnitus by environ-
mental sounds, or the ability to modulate tinnitus by somatic 
maneuvers.
Comorbid headaches had a significant influence on comorbid 
vertigo, neck pain, TMJ complaints, and pain in general. A higher 
prevalence of neck pain was found in all headache types and a 
higher prevalence of vertigo in all headache types apart from 
combined migraine and tension-type headache. TMJ complaints 
were more frequent in non-classifiable headache, migraine, and 
cluster headache, and general pain complaints were more frequent 
in all patients apart from cluster headache. Patients with comor-
bid migraine were also more frequently psychiatrically treated.
DiscUssiOn
The main findings of this study are that tinnitus patients with 
comorbid headache have higher scores in TQs, a lower quality of 
life and more frequently comorbidities such as painful sensation 
to loud sounds, vertigo, neck pain, TMJ complaints, general pain, 
and depressive symptoms when compared with tinnitus patients 
without headaches. The higher impairment in quality of life in 
patients who suffer from both tinnitus and headache can be easily 
explained by a pure additive effect of both disorders on disease 
burden.
Both headache laterality and headache type interact with the 
degree of morbidity.
In detail, higher impairment is reported by patients with 
left-sided and bilateral headaches as well as by patients with 
migraine or cluster headache. We are aware that there is a cer-
tain interaction between headache type and headache laterality, 
which has to be considered in the interpretation of the results 
(see Table 3).
Our findings are in line with earlier studies, which demon-
strated that tinnitus severity is higher in patients with comorbid 
headache (24) and correlates with headache frequency (25). 
A potential interaction between tinnitus and migraine (26–30) 
or other trigeminoautonomal headache syndromes (31, 32) has 
been described in many studies.
An important question is, whether the co-occurrence of tin-
nitus and headaches is pure co-incidence or whether there is a 
pathophysiological interaction. Several potential mechanisms for 
such a pathophysiological interaction have been proposed. First, 
increased excitability of the trigeminal system could link tinnitus 
and headache syndromes (16). Second, central sensitization in 
the context of migraine could provide an explanation for the 
development of tinnitus (28). Third, tinnitus could represent a 
symptom of vestibular migraine (33–35) or vestibular migraine 
could be related to a specific subtype of Meniere’s disease (36). 
Fourth, migraine might cause pulsatile tinnitus by vascular 
alterations during Migraine attacks (30). Fifth, TMJ or neck pain 
could represent a common cause of comorbid headache and tin-
nitus. However, due to the cross-sectional design of our study, 
we can only describe symptom associations and cannot draw 
any firm conclusions about potential causal interactions between 
headaches and tinnitus.
In this study, patients with comorbid cluster headache demon-
strated highest scores in TQs and most pronounced impairment 
in quality of life. Induction of painful sensations by loud sounds, 
general pain syndromes, and psychiatric treatment was most 
frequent in migraine patients. These findings do not necessar-
ily indicate a specific pathophysiological interaction between 
headache syndromes and tinnitus, as an increased sensitivity to 
loud sounds is similar like vertigo a typical feature of migraine. 
The increased prevalence of psychiatric treatment can be easily 
explained by the well-known association of headache disorders 
with anxiety and depression (37). Patients who suffer from 
tinnitus and headache are more impaired in their quality of life 
and the higher scores in the TQs may purely reflect a higher 
health-related handicap, as many questions in the TQ and THI 
are not tinnitus specific. This fits with the finding that scores were 
most pronounced in patients with cluster headaches, which are 
known to be extremely debilitating. The higher comorbidities 
for pain syndromes, vertigo, sound-induced painful sensations, 
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depressive syndromes, and the higher proportion of psychiatric 
treatment in this patient group could be explained by a generally 
increased amplification of sensory signals, which is, for example, 
encountered in patients with somatoform disorder.
Hints for specific interactions (e.g., a particular high propor-
tion of vertigo in patients with migraine, which could point to 
vestibular migraine) could not be observed. However, our study 
cannot exclude that such specific interactions occur, as they can 
be missed by the statistical analysis, if they occur only in a small 
group of patients. However, our data also show hints against sin-
gle additive effects. General pain is not increased in patients with 
cluster headaches and combination of migraine and tension-type 
headache did not result in higher burden as indicated by meas-
ures of tinnitus distress and discomfort, depressive syndrome, 
and quality of life.
In addition to headache type also headache laterality had 
an impact on patients’ characteristics. Comorbid left-sided 
and bilateral headache had a particular impact on tinnitus 
severity, on quality of life, and on comorbid disorders such as 
vertigo, pain, depressive symptoms, and on the frequency of 
psychiatric treatment. Likewise for headache type, this pattern 
mainly reflects that patients with comorbid bilateral or left-sided 
headache are more severely impaired and more frequently suffer 
also from other somatic, somatoform, and psychiatric symptoms. 
An earlier analysis of the same sample revealed that left-sided 
headaches are also frequently associated with left-sided tinnitus 
and bilateral headaches more frequently with bilateral tinnitus 
(16). The finding of higher impairment of patients with left-sided 
symptoms is in line with the literature that shows a slight left-sided 
preponderance (55–60%) in somatoform disorders (38) and in 
somatoform pain (39). With respect to headaches, a relatively 
small study suggests that left-sided migraine is more frequently 
associated with psychiatric symptoms than right-sided migraine 
(40). Thus, among tinnitus patients with left-sided headaches, 
there might be a higher proportion of patients with a somatoform 
disorder, which can explain the higher impairment in this group. 
The same explanation may hold true for patients with bilateral 
headaches, as this group includes also all patients with a rather 
unspecific description of their headaches, and among patients 
with rather unspecific description of their headache syndrome 
a higher proportion of comorbid somatoform disorders is 
expected as well.
An alternative, but rather speculative explanation for our find-
ings of higher impairment in patients with left-sided symptoms, 
is provided by a pilot study that investigated the relevance of 
laterality in able-bodied individuals desiring amputation of a 
limb (41). In most cases, these individuals desired amputation of 
a left-sided limb, the disorder was associated with elementary and 
complex somatosensory disturbances of the affected limb and the 
most frequent neurological comorbidity was migraine headache. 
Left-sidedness, limb specificity, and somatosensory disturbances 
of the affected limb were interpreted as hints for disturbed integra-
tion of multi-sensory information of the affected body parts into a 
coherent cerebral representation of the own body and suggestive of 
abnormal brain mechanisms in right frontoparietal cortex.
Tinnitus occurs also more frequently on the left side, is tono-
topically specific, related to sensory disturbances (42, 43) and an 
incongruence between visual and auditory input (44), and might 
therefore be conceptualized as a symptom that compensates an 
otherwise incoherent cerebral representation of the acoustic envi-
ronment in relation to the own body.
We are aware of methodological limitations of this study as all 
data come from one university center and may therefore not be 
representative. Moreover, data were solely collected by question-
naires and not verified by clinical examination. Thus, further 
research involving clinical evaluations will be needed to further 
explore the relationship between different forms of headaches and 
tinnitus. Nevertheless, our study revealed a greater impairment 
for tinnitus patients suffering from comorbid headaches and a 
hint for the occurrence of further comorbidities such as vertigo, 
pain syndromes, depression, and psychiatric disorders.
eThics sTaTeMenT
This study was carried out in accordance with the recom-
mendations of the ethics committee of the University Hospital 
Regensburg with written informed consent from all subjects. All 
subjects gave written informed consent in accordance with the 
Declaration of Helsinki. The protocol was approved by the ethics 
committee of the University Hospital Regensburg.
aUThOr cOnTriBUTiOns
VH gathered the data and entered the data in a database. MS 
performed the statistical analysis. BL and MS drafted the manu-
script. All the authors designed the study, interpreted the data, 
and approved the final version of the manuscript.
acKnOWleDgMenTs
We thank Susanne Staudinger and Sandra Pfluegl for their assis-
tance with data management.
FUnDing
The study has been performed by using the Tinnitus Research 
Initiative Database, which has been funded by the Tinnitus 
Research Initiative Foundation and the University of Regensburg.
reFerences
1. Elgoyhen AB, Langguth B, De Ridder D, Vanneste S. Tinnitus: perspectives from 
human neuroimaging. Nat Rev Neurosci (2015) 16(10):632–42. doi:10.1038/
nrn4003 
2. Langguth B, Kreuzer PM, Kleinjung T, De Ridder D. Tinnitus: causes and 
clinical management. Lancet Neurol (2013) 12(9):920–30. doi:10.1016/S1474- 
4422(13)70160-1 
3. Schecklmann M, Landgrebe M, Langguth B. Phenotypic characteristics of 
hyperacusis in tinnitus. PLoS One (2014) 9(1):e86944. doi:10.1371/journal.
pone.0086944 
4. Vielsmeier V, Strutz J, Kleinjung T, Schecklmann M, Kreuzer PM, Landgrebe M, 
et al. Temporomandibular joint disorder complaints in tinnitus: further hints 
for a putative tinnitus subtype. PLoS One (2012) 7(6):e38887. doi:10.1371/
journal.pone.0038887 
8Langguth et al. Tinnitus and Headache
Frontiers in Neurology | www.frontiersin.org August 2017 | Volume 8 | Article 440
5. Mazurek B, Olze H, Haupt H, Szczepek AJ. The more the worse: the 
grade of noise-induced hearing loss associates with the severity of tin-
nitus. Int J Environ Res Public Health (2010) 7(8):3071–9. doi:10.3390/ 
ijerph7083071 
6. Cronlein T, Langguth B, Geisler P, Hajak G. Tinnitus and insomnia. Prog Brain 
Res (2007) 166:227–33. doi:10.1016/S0079-6123(07)66021-X 
7. Cronlein T, Langguth B, Pregler M, Kreuzer PM, Wetter TC, Schecklmann M. 
Insomnia in patients with chronic tinnitus: cognitive and emotional distress 
as moderator variables. J Psychosom Res (2016) 83:65–8. doi:10.1016/j.
jpsychores.2016.03.001 
8. Langguth B, Landgrebe M, Kleinjung T, Sand GP, Hajak G. Tinnitus and 
depression. World J Biol Psychiatry (2011) 12(7):489–500. doi:10.3109/1562
2975.2011.575178 
9. Milerova J, Anders M, Dvorak T, Sand PG, Koniger S, Langguth B. The influ-
ence of psychological factors on tinnitus severity. Gen Hosp Psychiatry (2013) 
35(4):412–6. doi:10.1016/j.genhosppsych.2013.02.008 
10. Kreuzer PM, Landgrebe M, Vielsmeier V, Kleinjung T, De Ridder D, 
Langguth B. Trauma-associated tinnitus. J Head Trauma Rehabil (2014) 
29(5):432–42. doi:10.1097/HTR.0b013e31829d3129 
11. Hallam RS, Jakes SC, Hinchcliffe R. Cognitive variables in tinnitus annoy-
ance. Br J Clin Psychol (1988) 27(Pt 3):213–22. doi:10.1111/j.2044-8260.1988.
tb00778.x 
12. Newman CW, Jacobson GP, Spitzer JB. Development of the tinnitus handicap 
inventory. Arch Otolaryngol Head Neck Surg (1996) 122(2):143–8. doi:10.1001/
archotol.1996.01890140029007 
13. Zeman F, Koller M, Langguth B, Landgrebe M. Which tinnitus-related 
aspects are relevant for quality of life and depression: results from a large 
international multicentre sample. Health Qual Life Outcomes (2014) 12:7. 
doi:10.1186/1477-7525-12-7 
14. Rubinstein B, Axelsson A, Carlsson GE. Prevalence of signs and symptoms 
of craniomandibular disorders in tinnitus patients. J Craniomandib Disord 
(1990) 4(3):186–92. 
15. Lainez MJ, Ponz A. Tinnitus with headaches. In:  Moller  ALB,  De Riddeer  D, 
Kleinjung  T, editors. Textbook of Tinnitus. New York: Springer (2011). 
p. 487–90.
16. Langguth B, Hund V, Busch V, Jurgens TP, Lainez JM, Landgrebe M, et al. 
Tinnitus and headache. Biomed Res Int (2015) 2015:797416. doi:10.1155/ 
2015/797416 
17. Langguth B, Goodey R, Azevedo A, Bjorne A, Cacace A, Crocetti A, et  al. 
Consensus for tinnitus patient assessment and treatment outcome measure-
ment: Tinnitus Research Initiative meeting, Regensburg, July 2006. Prog Brain 
Res (2007) 166:525–36. doi:10.1016/S0079-6123(07)66050-6 
18. Fritsche G, Hueppe M, Kukava M, Dzagnidze A, Schuerks M, Yoon MS, et al. 
Validation of a German language questionnaire for screening for migraine, 
tension-type headache, and trigeminal autonomic cephalgias. Headache 
(2007) 47(4):546–51. doi:10.1111/j.1526-4610.2007.00758.x 
19. Landgrebe M, Zeman F, Koller M, Eberl Y, Mohr M, Reiter J, et al. The Tinnitus 
Research Initiative (TRI) database: a new approach for delineation of tinnitus 
subtypes and generation of predictors for treatment outcome. BMC Med 
Inform Decis Mak (2010) 10:42. doi:10.1186/1472-6947-10-42 
20. Newman CW, Sandridge SA, Jacobson GP. Psychometric adequacy of the 
Tinnitus Handicap Inventory (THI) for evaluating treatment outcome. J Am 
Acad Audiol (1998) 9(2):153–60. 
21. Kleinjung T, Fischer B, Langguth B, Sand PG, Hajak G, Dvorakova J, et al. 
[Validation of the German-Version Tinnitus Handicap Inventory (THI)]. 
Psychiatr Prax (2007) 34(S1):140–2. doi:10.1055/s-2006-940218 
22. Beck AT, Steer RA. Internal consistencies of the original and revised Beck 
depression inventory. J Clin Psychol (1984) 40(6):1365–7. doi:10.1002/1097-
4679(198411)40:6<1365::AID-JCLP2270400615>3.0.CO;2-D 
23. The WHOQOL Group. Development of the World Health Organization 
WHOQOL-BREF quality of life assessment. Psychol Med (1998) 28(3):551–8. 
doi:10.1017/S0033291798006667 
24. Lindberg P, Lyttkens L, Melin L, Scott B. Tinnitus – incidence and handicap. 
Scand Audiol (1984) 13(4):287–91. doi:10.3109/01050398409042138 
25. Erlandsson SI, Hallberg LR, Axelsson A. Psychological and audiological 
correlates of perceived tinnitus severity. Audiology (1992) 31(3):168–79. 
doi:10.3109/00206099209072912 
26. Sindhusake D, Golding M, Newall P, Rubin G, Jakobsen K, Mitchell P. Risk 
factors for tinnitus in a population of older adults: the blue mountains 
hearing study. Ear Hear (2003) 24(6):501–7. doi:10.1097/01.AUD.0000100204. 
08771.3D 
27. Evans RW, Ishiyama G. Migraine with transient unilateral hearing loss and 
tinnitus. Headache (2009) 49(5):756–8. doi:10.1111/j.1526-4610.2008.01075.x 
28. Volcy M, Sheftell FD, Tepper SJ, Rapoport AM, Bigal ME. Tinnitus in migraine: 
an allodynic symptom secondary to abnormal cortical functioning? Headache 
(2005) 45(8):1083–7. doi:10.1111/j.1526-4610.2005.05193_2.x 
29. Guichard E, Montagni I, Tzourio C, Kurth T. Association between head-
aches and tinnitus in young adults: cross-sectional study. Headache (2016) 
56(6):987–94. doi:10.1111/head.12845 
30. Weinreich HM, Carey JP. Prevalence of pulsatile tinnitus among 
patients with migraine. Otol Neurotol (2016) 37(3):244–7. doi:10.1097/
MAO.0000000000000968 
31. Chan CC, Ghosh S. Red ear syndrome precipitated by a dietary trigger: a case 
report. J Med Case Reports (2014) 8:338. doi:10.1186/1752-1947-8-338 
32. Kreuzer PM, Vielsmeier V, Poeppl TB, Langguth B. A case report on red ear 
syndrome with tinnitus successfully treated with transcranial random noise 
stimulation. Pain Physician (2017) 20(1):E199–205. 
33. Chen J, Gong D, Cai S, Wu Z, Lin X, Ma X, et al. [Clinical characteristics of 
100 vestibular migraine cases]. Lin Chung Er Bi Yan Hou Tou Jing Wai Ke Za 
Zhi (2016) 30(5):399–401. 
34. Lopez-Escamez JA, Dlugaiczyk J, Jacobs J, Lempert T, Teggi R, von Brevern M, 
et  al. Accompanying symptoms overlap during attacks in Menière’s disease 
and vestibular migraine. Front Neurol (2014) 5:265. doi:10.3389/fneur. 
2014.00265
35. Eggers SD, Neff BA, Shepard NT, Staab JP. Comorbidities in vestibular 
migraine. J Vestib Res (2014) 24(5–6):387–95. doi:10.3233/VES-140525
36. Frejo L, Soto-Varela A, Santos-Perez S, Aran I, Batuecas-Caletrio A, Perez-
Guillen V, et al. Clinical subgroups in bilateral meniere disease. Front Neurol 
(2016) 7:182. doi:10.3389/fneur.2016.00182 
37. Peres MFP, Mercante JPP, Tobo PR, Kamei H, Bigal ME. Anxiety and 
depression symptoms and migraine: a symptom-based approach research. 
J Headache Pain (2017) 1(18):37. doi:10.1186/s10194-017-0742-1 
38. Stone J, Sharpe M, Carson A, Lewis SC, Thomas B, Goldbeck R, et  al. Are 
functional motor and sensory symptoms really more frequent on the left? 
A systematic review. J Neurol Neurosurg Psychiatry (2002) 73(5):578–81. 
doi:10.1136/jnnp.73.5.578 
39. Min SK, Lee BO. Laterality in somatization. Psychosom Med (1997) 59(3): 
236–40. doi:10.1097/00006842-199705000-00005 
40. Cologno D, Buzzi MG, Carlesimo GA, Cicinelli P, Costa A, Fadda L, et  al. 
Psychiatric disorders and pain location in unilateral migraineurs. J Headache 
Pain (2005) 6(4):227–30. doi:10.1007/s10194-005-0192-z 
41. Blanke O, Morgenthaler FD, Brugger P, Overney LS. Preliminary evidence 
for a fronto-parietal dysfunction in able-bodied participants with a desire for 
limb amputation. J Neuropsychol (2009) 3(Pt 2):181–200. doi:10.1348/17486
6408X318653 
42. Norena A, Micheyl C, Chery-Croze S, Collet L. Psychoacoustic characteri-
zation of the tinnitus spectrum: implications for the underlying mech-
anisms of tinnitus. Audiol Neurootol (2002) 7(6):358–69. doi:10.1159/ 
000066156 
43. Schecklmann M, Vielsmeier V, Steffens T, Landgrebe M, Langguth B, 
Kleinjung T. Relationship between audiometric slope and tinnitus pitch in 
tinnitus patients: insights into the mechanisms of tinnitus generation. PLoS 
One (2012) 7(4):e34878. doi:10.1371/journal.pone.0034878 
44. De Ridder D, Elgoyhen AB, Romo R, Langguth B. Phantom percepts: tinnitus 
and pain as persisting aversive memory networks. Proc Natl Acad Sci U S A 
(2011) 108(20):8075–80. doi:10.1073/pnas.1018466108 
Conflict of Interest Statement: The authors have no conflicts of interest, financial 
or otherwise, related directly or indirectly to the submitted work.
The reviewer, JE-S, and handling editor declared their shared affiliation.
Copyright © 2017 Langguth, Hund, Landgrebe and Schecklmann. This is an open- 
access article distributed under the terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or reproduction in other forums is permitted, 
provided the original author(s) or licensor are credited and that the original publica-
tion in this journal is cited, in accordance with accepted academic practice. No use, 
distribution or reproduction is permitted which does not comply with these terms.
